The aim of the study was to show the clinical magnitude of short-term feeding: enteral nutrition (EN) combined with parenteral nutrition (PN) in active Crohn's disease and ulcerative colitis patients. Among 122 eligible inflammatory bowel disease (IBD) patients, 65 met the inclusion criteria. Combined EN and PN was administered for 21 days, wherein over the first 3-5 days of treatment, trophic enteral nutrition (300 kcal/day) was used with an energy increase of up to 1500 kcal. An EN was administered using a nasogastric tube or, in case of intolerance, using a naso-jejunal tube. For PN, the "All in One" system was used according to individually prepared admixtures (ESPEN Guidelines). In addition to routine blood measurement (i.e., ALAT, ASPAT, GGTP, creatinine, lipid profile), the following parameters were assessed: adiponectin, leptin, (hs)TNF-α, hsIL-6 and hsIL-10, TSH, NT-proBNP, serum vitamin B12 concentration, and tHcy. The results showed a considerable improvement in all clinically significant parameters (p < 0.05), showing the benefits and importance of short-term well-balanced EN combined with PN for nutritional and clinical status in IBD patients with active disease. The daily work at hospitals with active IBD patients demonstrates the potential of continued administration of home-based nutrition by patients.
Introduction
Several nutritional strategies have been used in patients suffering from inflammatory bowel disease (IBD). The management of malnutrition in IBD patients is related to increased requirements of energy and protein intake [1] . It has been shown that anti-inflammatory and low-fermentable oligosaccharide, disaccharide, monosaccharide (FODMAP), and polyol diets appear to be effective in reducing clinical symptoms and abdominal discomfort in IBD patients especially with inflammatory bowel syndrome (IBS) overlap [2] . Incorporation of components such as omega 3-fatty acids or glutamine may improve observed clinical symptoms; but, according to the European Society of Clinical Nutrition and Metabolism (ESPEN) guidelines, there are not enough data to dictate the use of such specific substrates in EN or PN in IBD patients [3] . Furthermore, the type of fat in enteral nutrition (EN) may be of high importance when it comes to inducing remission in active Crohn's disease (CD) patients, whereas an excess of synthetic oleate in the enteral diet may preclude this effect can even be detrimental to these patients [4] . However, it is difficult to make patients comply with EN due to the mode of formula delivery, taste, and smell [5] . A recent publication of the ESPEN guideline by Forbes et al. [6] presents 64 recommendations on clinical nutrition in IBD patients including nine with very strong (Grade A) and 22 with strong recommendations (Grade B). One of them indicates that EN should always be preferred over the parenteral route, but combinations of EN and parenteral nutrition (PN) should be considered in patients for whom there is an indication for nutritional support and for whom > 60% of energy needs cannot be met via the enteral route (Grade A). There is limited literature on combined EN and PN run in prospectively controlled clinical trials with active patients, showing the need for further investigation [7] .
Therefore, the aim of this study was to evaluate the effectiveness of short-term feeding with the use of combined EN and PN in active patients suffering from Crohn's disease (CD) and ulcerative colitis (UC).
Materials and Methods

Study Design and Patients
This was a prospective clinically controlled intervention study. Written informed consent was obtained from all the participants prior to the study. Medical history and medications were recorded in an electronic database. The study protocol No. 42/09 was approved by the Research Ethical Committee of Poznan University of Medical Sciences in Poland and followed the requirements of the Declaration of Helsinki.
One hundred twenty-two patients with IBD were screened for the study. Finally, 22 patients with active CD and 19 patients with active UC with mean age 34.0 (49% female and 51% male), mean body mass index (BMI) of 18.3 ± 2.1 kg/m 2 , and mean % fat mass (%FM) of 19.6 ± 4.2 were individually treated and fed at the Department of Gastroenterology at Poznan University of Medical Sciences. The study setting was an inpatient. In the study population, 42% of patients suffered from IBS overlap. Moreover, 24 patients were qualified for pharmacological treatment only (12 suffer from CD-control group, and 12 from UC-control group) with mean age 35.5 (50% men and 50% women), mean BMI: 18.28 ± 4.71, and mean % FM of: 20.01 ± 5.25. Ninety percent of the study population lived in a city with more than 500,000 of citizens and 1% were from the small cities (<5000 citizens). Additionally, 85% of them were married or lived with a partner. Moreover, 49% of individuals had secondary education, 5% higher education, 45% finished trade school, and 1% did not have education. More than 80% did not smoke. The control group did not receive nutritional intervention (a regular hospital diet). All patients were screened with the use of Nutritional Risk Score (NRS 2002) and the value exceeded 3 in all patients. Subjects enrolled in the study met the following inclusion criteria: moderately to severely active CD Activity Index CDAI > 450 and the Truelove-Witts Severity Index for UC with severe exacerbation Risk Score > 3 [6, 7] , body weight loss ≥ 5% in the last month, age >18, and willingness to participate in the study. Exclusion criteria were as follows: celiac disease, microscopic colitis, intestinal functional disorders, gastrointestinal cancer diseases, bacterial infections of the digestive tract (Salmonellosis, Shigeliosis, Yersiniosis, Campylobacteriosis), parasitic and viral diseases, drug or alcohol abuse, legal incompetence, and limited legal competence.
Pharmacological Treatment, Enteral and Parenteral Nutrition
Standard pharmacological treatment was introduced in all patients: intravenous glucocorticoids-in the phase of acute exacerbation of the disease, patients received at the beginning Hydrocortizon 4 × 100 mg IV QDS for 4 to 5 days followed by orally administered Prednison: 40 mg/day (2/3 of the total dosage in the morning and 1/3 in the afternoon). Subsequently, based on the following gastrointestinal (GI) symptoms: ongoing and severe diarrhea (15 up to 25 watery stools) resulting in intestinal insufficiency with malabsorption, unintentional weight loss due to anorexia, nutritional deficiencies, dehydration, extreme tiredness, and severe malnutrition (chronic disease related malnutrition with inflammation based on BMI < 18.5 kg/m 2 or weight loss (unintentional) > 10% indefinite of time, or > 5% over the last 3 months combined with either BMI < 20 kg/m 2 ), patients were qualified for EN combined with PN to improve overall nutritional status and bowel insufficiency. Moreover, we noted the following adverse events: central line-associated bloodstream infections in three patients, diarrhea in four patients, and nausea and vomiting in two patients.
Combined EN and PN was administered after compensation for metabolic disorders. EN was administered using a nasogastric tube or, when intolerance proved to be an issue, using a naso-jejunal tube (45% of study patients). Due to the observed bowel insufficiency, a semielemental diet (1.0 kcal/mL) was applied with the use of a peristaltic pump and continuous infusion over 18-20 h/day to reduce the side effects. Over the first 3-5 days of treatment, trophic enteral nutrition (300 kcal/day) was used, and after stabilization of intestinal problems, the energy intake was increased to cover the requirement of each patients up to 1500 kcal. PN was conducted in the "All in One" system (AIO) according to individually prepared admixtures for each patient according to their requirements. Each admixture was prepared according to the standardized procedure by the Pharmacy of Heliodor Swiecicki Clinical Hospital at Poznan University of Medical Sciences. Following the ESPEN Guidelines [6] , protein intake ranged between 1.2 and 1.5 g/kg/body mass/day and energy intake between 25 and 35 kcal/kg body mass/day. The nutritional composition of AIO was completed taking into account protein, fat (20% from MCT/LCT), carbohydrates (glucose), water-and fat-soluble vitamins, and trace elements. Additional enrichment with omega-3 fatty acids with a 10-20% ratio of selected fatty acids was used. To cover the requirements of energy and nutrients of a single patient, the reduction of PN was related to the introduction of enteral nutrition, where an EN was gradually replaced with an individually balanced diet. The combined EN and PN was administered by experienced medical staff and PN admixture composition was individually calculated by a physician and prepared by pharmacists. None of the patients failed to complete the study. Patients at home followed the FODMAP recommendations (only if needed) over a period of 6-8 weeks, gradually introducing previously eliminated foods to avoid abdominal discomfort.
Anthropometry and Biochemical Assessment
Body weight and body height approximated to 0.1 kg and 0.5 cm (Seca digital scale 763; Seca, Hamburg, Germany) were assessed to calculate BMI. The % of body fat mass was assessed with the use of Tanita MC 180 Multi Frequency Segmental Body Composition Analyser (Tanita MC 180, Tokyo, Japan).
Biochemical assessment was performed in a certified laboratory according to standardized procedures and good laboratory practice at the baseline appointment and at the end of the study. Blood samples were taken after 14 hours of fasting. Total adiponectin and leptin concentrations were assessed using enzyme immunoassay methods (ALPCO, Diagnostics, Salem, NH, USA). Concentrations of human high sensitivity tumor necrosis factor α (hsTNF-α) were measured using ELISA test (eBioscience, San Diego, CA, USA), where the test sensitivity was at the level of 0.13 pg/mL; high sensitivity interleukin 6 (hsIL-6) and high sensitivity interleukin (hsIL-10) were measured by ELISA (eBioscience) with test sensitivity of 0.03 pg/mL and 0.05 pg/mL, respectively. Serum concentrations of high sensitivity tumor necrosis factor α (hsTNF-α), hsIL-6, and hsIL-10 were measured using ELISA test (eBioscience), with sensitivity levels of 0.13 pg/mL, 0.03 pg/mL, and 0.05 pg/mL, respectively.
Serum thyroid stimulating hormone (TSH) assay was performed using a third-generation electrochemiluminescence method (ECLIA), (Roche Diagnostics GmbH, Mannheim, Germany). The reference range was 0.27-4.2 µIU/mL. Concentrations of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) was measured with the use of pro-BNP Elecsys cobas e100 test (Roche Diagnostics GmbH). The cutoff value for NT-proBNP was defined as <125 pg/mL. Serum vitamin B12 concentrations (pg/mL) were measured using ECLIA method tool on Cobas 6000 platform (Roche Diagnostics GmbH), and plasma homocysteine (tHcy) was measured by high-performance liquid chromatography (HPLC). The analyzed plasma Hcy compounds (Fluka Germany) were diluted with water at a 2:1 ratio and reduced using 1% TCEP (Tris-(2-carboxyethyl)-phosphin-hydrochloride; Applichem, Germany) at a 1:9 ratio. Subsequently, the samples were deproteinized using 1 M HClO 4 (at a 2:1 ratio) and applied to the HPLC/EC system. The samples were fed to the HPLC system (P580A; Dionex, Idstein, Germany) coupled with an electrochemical detector (CoulArray 5600; ESA, North Chemsford, MA, USA). The analysis was performed in the Termo Hypersil Gold C18 column (250 mm × 4.6 mm × 5 µm) (Germany) in isocratic conditions, using a mobile phase of 0.15 M phosphate buffer, pH 2.9, supplemented with 12.5-17% acetonitrile for estimation of Hcy and 0.15 M phosphate buffer [8] . The system was controlled and the data were collected and processed using Chromeleon software (Dionex, Dreieich, Germany). The concentrations of serum total cholesterol (TC (mg/dL)), HDL-C (mg/dL), triglycerides (TG (mg/dL)), and glucose (mg/dL) were assessed with the use of enzymatic colorimetric methods (Diagnostics) and the activity of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) using enzymatic methods. Serum creatinine was performed using the compensated (rate blanked) kinetic Jaffe method (Cobas 6000, Roche Diagnostics, Risch-Rotkreuz, Switzerland). Low-density lipoprotein-cholesterol (LDL-C (mg/dL)) was calculated according to the formula by Friedewald, Levy, and Fredrickson [9] . The basic, routine laboratory assessments were evaluated according to standardized procedure and monitored every 3 days. The recommendations of the National Health and Nutrition Examination Survey [10] and the American Diabetes Federation [11] were used for the results interpretation, respectively.
Statistical Analysis
The data were presented as means ± SDs. The normality of the distribution was checked by the Shapiro-Wilk test. Comparisons between the groups were assessed using the Wilcoxon rank-sum test and the paired t-test (for data with normal distribution) to analyze the statistical differences between the variables before and after the intervention. Taking into account normality of the data for testing intergroup significance, either the Kruskal-Wallis test or one-way ANOVA with post-hoc test was used. The statistical significance level was 0.05. All calculations were performed using Statistica 10 software (TIBCO Software Inc., Palo Alto, CA, USA).
Results
The baseline clinical characteristics of the study population are presented in Table 1 ; Table 2 . The patients suffering from CD and UC showed general clinical benefits from short-term combined EN and PN. In general, both CD and UC patients clinically benefitted from short-term combined EN and PN. Blood laboratory values were also significantly improved, taking into account the changes in the concentration of leukocytes, neutrocytes, fibrinogen, hemoglobin, hematocrit, erythrocytes, and platelet count (p < 0.05). The statistically significant changes in the concentration of selected biomarkers such as NT-proBNP, bilirubin, ALAT, and ASPAT during the combined EN and PN were beneficial in IBD patients ( Table 3 ). The concentration of leptin significantly increased, whereas that of adiponectin significantly decreased. The level of NT-proBN decreased significantly (<125 pg/mL). Iron status showed statistical improvement and reached the recommended value of 37 µg/dL and above. Moreover, while vitamin B12 levels in the CD group statistically increased, homocysteine concentration for both groups with the nutritional support statistically decreased. Lipid profile (TC and LDL-cholesterol; TG in Ulcerative Colitis patients) changed significantly (Table 4) . Similarly, there were also beneficial changes in electrolyte as well as CRP levels: we noted a 10-fold decrease in CRP concentration in CD patients and seven-fold decrease in UC patients. The concentrations of IL-6, IL-10, and TNF-α decreased significantly in both groups ( Table 5 ). A statistically significant and clinically beneficial effect of combined nutrition was proven in intergroup analyses for leptin, NT-pro BNP, total protein, albumin, prealbumin, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, potassium, calcium, magnesium, phosphates, CRP, and IL-6 (Tables 1-5). hsCRP-high sensitivity C-reactive protein; ESR-erythrocyte sedimentation rate; hsTNF-α-tumor necrosis factor-α high sensitivity; IL-6-interleukin-6; IL-10-interleukin-10.
Discussion
The current study showed the benefits and importance of short-term enteral nutrition combined with parenteral nutrition as far as the clinical status of IBD patients with active disease is concerned.
Malnutrition in IBD patients is well documented and may be related to inadequate dietary intake, malabsorption, and disease activity [12] . It has been shown by Lochs et al. [13] that EN is less effective than a combination of 6-methylprednisolone and sulfasalazine in treating active Crohn's disease patients, taking into account assessment of initial disease activity with the use of CDAI or disease location. In this context, we administered patients with standard pharmacological treatment, i.e., glucocorticosteroids and 5-ASA, in the initial phase and then incorporated the EN treatment. A study by Sakurai et al. [14] suggested that it is not necessary to restrict the amount of fatty acids (FA), specifically medium-chain triglycerides (MCTs), when given in liquid form to patients with active Crohn's disease as both formulas with low and high content of MCTs induced clinical remission in about two-thirds of patients. Khosoo et al. [15] confirmed that a high-fat diet did not offer any nutritional advantage over a similar low-fat diet as the improvement in disease activity during feeding with a low-fat diet is comparable to that with a high-fat diet. Therefore, in the current study, 20% MCT/LCT was used in AIO and low-fat content, with 47% of the fat content from MCT used for easier fat absorption in EN. It also seems that nutritional supplementation with either an elemental or polymeric diet may provide a safe and effective alternative to chronic steroid therapy in patients with steroid-dependent Crohn's disease, where polymeric and elemental diets are equally effective in active CD patients [16, 17] . Rigaud et al. [18] pointed out that EN, whatever the diet, is an efficient primary therapy for active Crohn's disease patients but does not influence the long-term outcome. However, González-Huix et al. [19] highlighted that total EN is safe and nutritionally effective, and in severe attacks of UC, it has been associated with fewer complications compared to PN. Therefore, taking into account the observed clinical manifestation of the disease, we have decided to follow recently published recommendations of ESPEN and combined EN and PN. As showed by Wright and Adler [20] , the route of nutrient administration in acute exacerbation of regional enteritis does not appear to have any impact on the short-term outcome. Of course, liver and biliary abnormalities are well-known complications of IBD and thus alkaline phosphatase, serum bilirubin, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyltransferase, lipid profile etc. are important biomarkers to be assessed during the feeding. The current study indicated improvement in these parameters. It seems that a more compromised nutrition and inflammation status with increased risk of cardiovascular diseases (CVD) can be observed in CD patients compared with UC patients [20] . However, in the current study, the concentration of NT-proBNP, recognized as a useful biomarker in the diagnosis of heart failure, decreased significantly in both patient groups (<125 pg/mL). Similarly, the concentration of CRP decreased significantly, i.e., 10-fold in CD patients and seven-fold in UC patients, confirming the importance of nutrition support in hospital environment. IL-6, IL-10, and TNF-α showed statistically significant decreases in the course of the patients' feeding, which might be related to macrophage iron retention [21] .
A higher prevalence of iron-deficiency anemia in addition to the presence of rheumatologic conditions, acid-related disorders, pain, bone diseases, migraines as well as cancer has been shown in IBD patients [22] . As shown by the German experience, the proportion of IBD patients with inadequately treated anemia/iron deficiency is unknown [23] . The gastroenterologists from nine European countries highlighted the need to increase the awareness and implementation of international guidelines on iron supplementation in IBD patients [24] . In general, in our study, the iron status during the combined EN+PN showed a statistical improvement and reached the recommended value of 37 µg/dL and above, showing another beneficial effect of such feeding. This is also a good prognosis for the future; however, the restriction in meat consumption commonly followed by IBD patients negatively influences their iron status [25] . Nevertheless, as shown the research by Vagianos et al. [26] , food avoidance is common in patients with IBD and may be related to more personal preferences, showing the importance of nutritional education in that population to address food avoidance and introduce a balanced diet to prevent nutritional deficiencies. As showed by Yakut et al. [27] , serum vitamin B12 deficiency is more common in CD patients compared to UC patients. Although in the current study the assessed serum concentration was in the reference range, statistical improvement was only observed in the CD group. As indicated by Battat et al. [28] , true vitamin B12 deficiency is rare in IBD patients. However, it should be borne in mind that low vitamin B12 concentrations correlate with the concentration of homocysteine (high level-hyperhomocysteinemia) [29, 30] . However, in the conducted study, a statistically significant decrease in homocysteine concentration (both CD and UC groups) was observed during the nutritional support, showing another beneficial effect of the feeding introduced by our team. On the contrary, Chen et al. [31] observed an increased plasma of homocysteine. Moreover, it was suggested that adipocytes may play a crucial role by actively participating in systemic immune responses in IBD patients, where leptin and adiponectin are associated with the disease severity and, similarly in our study, may show significant alterations of circulating serum levels of these adipokines in IBD patients [32, 33] . For future monitoring of IBD activity, 78% of gastroenterologists from Switzerland considered clinical activity to be a more relevant criterion, whereas 15% preferred endoscopic severity and 7% preferred biomarkers [34] . Diarrhea is one of the most common symptoms in IBD, leading to changes in electrolyte transport being associated with intestinal inflammation [35] . Therefore, it is important to monitor electrolyte changes during the feeding, which in the case of our study were beneficial during EN+PN.
All the procedures followed during the hospital stay for exacerbation of the disease should prepare every single patient for daily life. According to Cai et al. [36] , apart from suffering from physical discomfort, diet and body image disturbances, and difficulties coping with activities of daily living, CD patients who self-administered nasogastric feeding faced many psychological challenges and needed physicians and nurses for assistance. Takagi et al. [37] indicated that at least the effectiveness of a "half elemental diet", in which half of the daily energy requirement is provided by an elemental diet and the remaining half by a free diet, may be a promising maintenance therapy for CD patients. On the other hand, Yamamoto et al. [38] showed that concomitant EN during infliximab maintenance therapy does not significantly increase the maintenance rate of clinical remission in patients with CD. However, an EN therapy seems to reduce the incidence of postoperative CD recurrence [39] . There seems to be no consistent strategy at the different stages of disease manifestation. Patients, after such nutritional therapy and elimination of typical food allergens for a period of 21 days, may have difficulty in clinically tolerating a standard diet rich in fermentable carbohydrates [40, 41] . The period of unloading the intestinal mucosa (PN and EN) from the standard diet probably also affects the intestinal microbiome [42] ; therefore, during the transitional period, it is worth eliminating those elements of the diet that can potentially adversely affect the microbiota and thus translate into clinical ailments of the patient [43] . Moreover, it is well known that a low FODMAP diet may be an effective tool in the management of the common abdominal symptoms in patients with functional gastrointestinal symptoms once these molecules trigger these symptoms [44] [45] [46] [47] . Thus, it may positively influence patient's quality of life [48] . This diet may also reduce the expression of proinflammatory markers, such as C-reactive protein, and may interfere with the microbiome and its metabolites. The use of a low FODMAP diet can bring benefits to the IBD patients but may also modify their nutritional status [47] . Further research is required to determine the degree of FODMAP restriction required for symptom improvement [49] .
Conclusions
Short-term combined EN and PN in active IBD patients seems to be of high clinical importance for future nutritional status management. The ESPEN Guideline should be followed at each stage of IBD treatment, while staying in line with good medical practice based on the clinical experience. 
